The bulk of experiments that study stressor effects on ecosystem functioning consider only individual functions one at a time, and such narrow focus may well bias our understanding of the overall impact on ecosystem functioning. We used data from six published experiments in which marine illuminated sediment systems were exposed to nutrient enrichment, toxicants, sedimentation and warming, either alone or in combination. Measured functions were primary production, community respiration, inorganic nitrogen and phosphorus fluxes, and autotrophic biomass. We calculated two indices of multifunctionality that simultaneously considered all six functions: (i) a weighted average level of the functions and (ii) the number of functions that simultaneously exceed a critical threshold level. Stressors affected individual functions both positively and negatively, but multifunctionality was generally unaffected by both single and joint stressors. The filtering capacity of coastal illuminated sediment systems thus appears resilient to exposure to moderate levels of multiple stressors, most probably due to the robustness of the benthic microalgal community. We recommend using a multifunctionality approach in future studies on cumulative stressor effects on ecosystem functioning, particularly when considering functions related to ecosystem services.
Introduction
Today, ecosystems are simultaneously exposed to several local and global stressors and hence multiple stressor experiments have become common [1] . As individual stressors can interact and generate non-additive effects [2] , it is difficult to predict their cumulative impact on ecosystem functions, such as carbon and nutrient cycling. For example, how much does a second or third stressor add to the effect on the overall ecosystem functionality? One approach to this question is to measure multifunctionality, i.e. the simultaneous performance of multiple functions [3] in response to either one or multiple stressors. Here, we do just that, using marine shallow-water sediment as a model system.
Marine shallow-water sediments are located at the interface between land and sea, where they constitute an important component in the 'coastal filtering service' by transforming, storing and removing nutrients [4, 5] . In these illuminated ecosystems, benthic microalgae (microphytobenthos, MPB) are at the base of the food web [6] . Through their uptake of nutrients and production of oxygen, MPB control key ecosystem functions, such as productivity, mineralization and nutrient turnover, which are all related to the filtering capacity of coastal ecosystems [4] .
Shallow-water sediments are exposed to both local anthropogenic stressors (nutrient loading, toxicants and physical disturbance) [7, 8] and global stressors related to climate change [9, 10] . Different stressors can have positive, negative or interactive effects on individual functions. Thus, studying the overall ability of this ecosystem to simultaneously maintain a diverse set of functions is highly relevant for predicting cumulative stressor impacts. For example, one stressor, such as warming, can modify ecosystem sensitivity to other stressors, such as toxicants and nutrient loading [11] [12] [13] .
Using data from six published experiments (table 1) , we studied whether the multifunctionality of shallow-water sediment systems depended on the number of stressors. Illuminated undisturbed natural sediments were exposed to previously observed realistic levels of local stressors: eutrophication-related nutrient enrichment, toxicants (lowest observed effect concentration), sediment accumulation simulating dredging events and predicted warming (þ48C).
Material and methods (a) Study area
Sediment for all six experiments was collected in cylinders of black acrylonitrile butadiene styrene plastics (height ¼ 25 cm, i.d. ¼ 25 cm) from an Olausson box corer (30 3 30 cm) at a depth of 2 m on the coast of NE Skagerrak. All experiments were run in the same experimental system. The cylinders were placed in a flow-through set-up (water from Gullmar Fjord) in a greenhouse, at close to natural light and temperature conditions (see references in table 1). Depending on experiment, the following stressors were used singly or in combination: nutrient enrichment, sedimentation, the toxicants copper pyrithione (antifouling substance for boats) and pyrene (from, for example, boat engines) and warming ( levels employed in each experiment were considered ecologically relevant (see original publications for details).
(b) Measurements of ecosystem functions
The six response variables measured were net primary production, community respiration (oxygen fluxes), sediment-water inorganic nitrogen (ammonium and nitrate) and phosphorus fluxes, and sediment chlorophyll a. Individual experiments lasted between 23 and 42 days and data from three occasions during each experiment were chosen for the multifunctionality study: 3-4 days after the experiment had started ('start'), after 15-18 days ('middle') and after 23-42 days ('end'). All sediment-water fluxes were measured during day and night by start-stop batch incubations and later calculated as daily fluxes. Oxygen concentrations were determined by the Winkler technique and ammonium, nitrate þ nitrite and dissolved inorganic phosphorus (DIP) were analysed using standard colorimetric procedures. Chlorophyll a (Chl a), proxy for MPB biomass, was measured spectrophotometrically [17] . The complete dataset for all six experiments consisted of 246 data points (one or two stressor treatments, four to five replicates per treatment and sampling date, with independent sampling).
(c) Calculations of multifunctionality and statistics
We used two methods to describe multifunctionality: (i) a weighted average function approach and (ii) a multiple thresholds approach [3, 18] . For the averaging approach, all functions were first recalculated and standardized to be positive by adding the lowest value to all data, and standardized by the maximum observed value [3] . The weighted average index was calculated by taking the average of all functions and then subtracting the standard deviation. This index thus takes into account the variation among functions. The relationship between the number of stressors and the weighted average index (as well as all individual functions) was modelled using a linear mixed-effect framework (nlme package) [19] . The six different stressors can potentially have quite different, even opposing, effects on ecosystem functions and multifunctionality. Thus, 'study' and 'stressor treatment' were included as random factors. In addition, we also used analysis of variance (ANOVA) to study how individual stressors and stressor combinations affected the multifunctionality of shallow-water sediment systems. The multiple threshold approach [3, 20] creates an index of the number of functions surpassing the full range of functional thresholds (0-100% of maximum functional values). After identifying the maximum value for each function, we tallied the number of functions above these thresholds for single and multiple stressor scenarios. All statistical analyses and graphical plotting were performed in the R environment using the multifunc and ggplot2 packages [3, 21, 22] . 
Results

(b) The multiple thresholds approach
The absence of a significant slope of the relationship between the number of stressors and the change in the number of functions per addition of one stressor showed that an increasing number of stressors did not affect ecosystem multifunctionality (figure 2). The high variation of threshold data, and the fact that the 95% confidence interval overlaps zero across the full range of thresholds, indicate that there was no overall significant effect of the number of stressors on the number of functions performing above threshold levels (figure 2). However, there were a few exceptions at thresholds of around 40 and 85% in the middle of the experiments and 30, 55 and 85% at the end of the experiments (figure 2).
Discussion
We have shown that measuring multifunctionality can facilitate the understanding of how multiple stressors affect ecosystem functioning. While the relationship between multifunctionality and biodiversity has been previously studied [3] , the link between the number of stressors and multifunctionality has not. We acknowledge the fact that exploring individual functions is important and can reveal whether specific processes or interactions are more or less sensitive to multiple stressors. However, measurements of many individual functions are still difficult to place in a general context when dealing with multiple stressor effects. This is because a negative effect on one particular function does not necessarily mean that the overall functionality of the ecosystem is significantly reduced. In this study, stressors negatively affected three individual functions (net primary production, nitrate and phosphate fluxes), whereas others were unaffected (table 2) . By contrast, multifunctionality, measured as (i) the average function or (ii) the change in the number of functions above multiple thresholds, was generally unaffected by multiple stressors. Thus, the previous suggestion that illuminated shallowwater sediment systems are resilient to stressors [4, 23, 24] was corroborated by our findings. Demonstrating resilience of an ecosystem greatly benefits from considering multifunctionality. For aquatic ecosystems, the trophic state has been suggested as a possible controller of resilience, so that net autotrophic ecosystems are better buffered against stressors than are net heterotrophic systems [11, 13, 25] . In illuminated benthic systems, a generally robust benthic diatom community quickly restores oxygenation after a disturbance, thereby contributing to the resilience and sustainability of the coastal filtering service [26] .
We calculated the multifunctionality of shallow-water sediments using six benthic ecosystem functions. The results suggest that moderate levels of common stressors and their combinations may not significantly affect the filtering capacity of these systems. Although multifunctionality as such cannot be used as a direct proxy for the filtering service of coastal systems, it can be used as a tool for understanding the underpinning ecological functioning of the filter. Generally, there is still a lack of useable experimental data for examining the effects of multiple stressors on ecosystem functions and services. Future studies should thus aim to include a wider range of stressors and their interactions. Applying a multifunctionality approach has great potential to enhance our understanding of how stressors affect the overall functioning of ecosystems, thereby making these types of studies more relevant for management and conservation. 
